The implications of the empirical signatures for the positivity of the strangeness magnetic moment µ s and the negativity of the the strangeness contribution to the proton spin ∆ s on the 
I. INTRODUCTION
Four recent experiments on parity violation in electron-proton scattering suggest that the strangeness magnetic moment of the proton µ s is positive [1, 2, 3, 4] . In contrast most theoretical calculations have led to negative values for this observable [5] , with but few exceptions [6, 7, 8, 9, 10, 11] . The implications of the empirical result for the configuration of the constituents of the proton is considered by a calculation of µ s for all positive parity configurations of the uudss system with one constituent in the first orbitally excited state, which may be contained in the proton, have recently been studied in Ref. [12] . The formalism summarized in that reference is elaborated here in more detail along with a few minor corrections. In addition it is now applied to the strangeness contribution to the proton spin ∆ s and the corresponding strangeness axial form factor G s A . In the case of the strangeness contribution to the proton spin ∆ s , the empirical indications are that it is very small [13] or small and negative (−0.10 ± 0.06) [14, 15] . Extrapolation of the empirical values for the strangeness axial form factor G s A to low Q 2 indicates a non-zero negative value for that quantity [16] .
Here it is noted that µ s is positive and that both ∆ s and G s A are negative and smaller than µ s in magnitude in the uudss configuration, which is likely to have the lowest energy, where thes quark is in the ground state and the uuds system is in the P −state. If in contrast the strange antiquark is in the P −state and the 4 quarks are in their ground state the µ s has the opposite -and empirically contraindicated sign. The latter configurations include that of a fluctuation of the proton into a kaon and a strange hyperon, which is well known to lead to a negative value for the strangeness magnetic moment [17, 18, 19, 20] .
In this manuscript a detailed description of the wave functions of the uudss configurations that may contained in the proton. The manuscript falls into 6 sections. Section 2 contains the definitions of the strangeness observables and flavor wave functions for the uudss components of the proton along with a discussion of their expected hyperfine splittings. The configurations, in which the uuds system is in the ground state, are considered in section 3 and the corresponding configurations, in which the uuds system is in the P −state are considered in section 4. The implications of the empirical values for µ s and ∆ s for the probability of the ss in the proton are considered in section 4. A summarizing discussion is given in section 5.
II. THE STRANGENESS OBSERVABLES AND FLAVOR WAVE FUNCTIONS FOR uudss COMPONENTS
In the non-relativistic quark model, the strangeness magnetic moment µ s and the strangeness contribution to the proton spin ∆ s are defined as the expectation value of the following two operators in the proton state:
whereŜ i is the strangeness counting operator with eigenvalue +1 for s and −1 fors quark and m s is the constituent mass of the strange quark. The strangeness axial form factor is in turn defined as the matrix element of the strangeness axial current operator
The matrix element of this operator in the proton is denoted as G 
[211]
Here the numbers in boldface on the right-hand-side of the equations indicate the dimensions of the pentaquark representations. As an example the tentative θ + -pentaquark belongs to the baryon anti-decuplet10 representation. Since the proton belongs to the baryon octet representation, the possible flavor symmetry patterns for the uuds in the proton are limited 
In the case of the mixed flavor symmetry [31] F for the uuds system there is a need to separate the isospin 1/2 and 3/2 states, both of which are listed in Ref [21] . The reason for the presence of two separate classes of wave functions with the flavor [31] F is the following.
In the case of flavor SU(3) model, the ∆ + resonance is composed uud valence quarks with the flavor symmetry [3] F . In the consideration of the uudss component of this baryon, and its uuds subsystem, the latter may also have the mixed flavor symmetry [31] F . This flavor state of the uuds subsystem is therefore a combination of a ∆ + and a proton component.
There are 6 independent flavor wave functions for uuds of the flavor symmetry [31] F . Among them, by using the weight diagram method [22] , the three wave functions labeled as ψ θ in
Ref [21] are found to correspond to isospin 1/2. These are explicitly:
The color symmetry of all the uuds configurations is limited to be [211] C in order to combine with thes antiquark to form a color singlet (cf. (6) anti-quark, the uudss component in a proton, which has positive parity, requires that either thes is in the P-state with the uuds system in the ground state with spatial symmetry [4] X or that one of the quarks is in the P-state so that the uuds system has mixed spatial symmetry [31] X .
There are several configurations of the uudss system that have positive parity, isospin 1/2, spin 1/2 and one unit of orbital angular momentum. The spin-dependent hyperfine interaction between the quarks splits these states, so that the configurations with the lowest energy may be expected to be those with highest probability for admixture in the proton.
In most models for the hyperfine interaction between quarks in the baryon is spin dependent. In the common colormagnetic hyperfine interaction model, the spin dependence is such that the spin singlet state has lower energy than the spin triplet state [23] . This is also the case for the instanton induced interaction model [24] . Finally, the schematic flavor and spin dependent interaction model:
which gives the qualitative description with correct ordering of the states in low lying part of the baryon spectrum in all flavor sectors [26, 27] , implies that antisymmetric flavor and spin configurations have the lowest energy. In this interaction C is a constant that represents an average of the spin-spin part of the interaction expected to be mediated by pseudoscalar meson exchange [25] . Phenomenologically C ∼ 20 − 30 MeV.
In next two sections, the strangeness spin ∆ s and magnetic moment µ s are calculated for all possible configurations of the uudss system that have the quantum numbers of the proton. Table I [28]. In the table the matrix elements of the quadratic Casimir operator of SU(6), C
III. THE CONFIGURATIONS WITH THE uuds SYSTEM IN ITS GROUND STATE
2 , multiplied by the constant C in the flavor-spin interaction (15) are also listed so as to
give an indication of the energy splitting between these configurations. The requirement of positive parity requires that for these configurations the strange antiquark in the uudss system has to be in the P −state. 
The wave functions of the proton state with spin +1/2 that have any one of these symmetries may be written in the general form: 
Here P ss is the probability of this configuration. In units of the nuclear magnetons µ s takes the value:
In this configuration the numerical value of µ s is negative and ∼ 2 times ∆ s , as m p ≃ 2m s .
The spin of the uuds system in the states which have the spin symmetry [31] S is S = 1.
If we neglect the interaction of quarks, then the wave function of the proton in the angular momentum space may be written in the general form:
Here for the sake of abbreviation the subindica A S and B X represent the spin state of the uuds system and the orbital state of thes quark respectively. Explicit evaluation of the matrix elements with these wave functions for µ s and ∆ s leads to the results:
Here theσ s is the expectation value of the z-component of the spin of the s quark in the configuration where s z = 1. (Note that Eq. (21) here corrects Eq.(4) in [12] ). The numerical value ofσ s depends on the detailed configuration as shown below. The results in all cases satisfy the inequalityσ s < 1 as shown in Table I . This result implies that µ s in all these configuration is negative and that ∆ s is positive, in contradiction with experiment.
The final possibility when the spatial state of the uuds system is that the spin state of the uuds system is completely symmetric: [4] S . In this case it has spin S = 2 and as a consequence the total angular momentum of thes quark has to be j = 3 2 in order to combine with the uuds system to form the proton state with spin +1/2. The wave function then may be expressed in a way analogous to Eq. (20) . The relevant matrix elements for these configurations are found to be :
This configuration thus yields positive values for both µ s and ∆ s as well as G Table I .
There are three combinations of the mixed symmetry states [22] F and [31] S that combine to the mixed symmetry state [31] F S . The explicit expressions for these are the following [21] :
where the [22] F flavor functions are given by Eqs. (7, 8) and the three spin wave functions are
From Eqs.(25-27) one obtainsσ
It then follows from Eqs. (7, 8, (28) (29) (30) thatσ
and at last, from Eqs. (21, 22) ,
The matrix elements needed for the values of ∆ s and µ s in all other configurations may be calculated by the same method.
IV. THE CONFIGURATIONS WITH THEs IN ITS GROUND STATE
In the configurations, where thes antiquark is in the ground state, the lowest possible orbital configuration allowed by the requirement of positive parity for the uuds state is that Table II . The wave functions of the proton with spin +1/2 may for all of these symmetry configurations be expressed in the general form:
Here J is the total angular momentum of the uuds system M the corresponding z-component.
The orbital angular momentum of these uuds states is L = 1, with the z-component m.
These configurations may also be organized in groups according to their spin symmetry. 
Here thel s is the average value of the z-component of the orbital angular momentum of the s quark in the uuds system for m = 1. The numerical value forl s depends on the detailed configuration and may be calculated by the same method as that described above for the calculation ofσ s in the previous section. The results ofl s for various [31] X configurations with uuds total angular momentum J = 1 are listed in Table II 
The value of µ s in this configuration is consequently positive, and since m p /m s ≃ 2, it is approximately equal to the probability of that configuration in the proton. Moreover for this configuration µ s ≃ −3∆ s , a relation that agrees with the present experimental values within their uncertainty range.
Because of its low energy, this is the most likely ss component in the proton. The 
The explicit form for the two flavor components [22] F 1 and [22] F 2 are given in Eqs. (7, 8) .
The two corresponding spin functions are readily constructed by the substitutions u ↔↑ and d, s ↔↓ with an additional 1/ √ 2 in the normalization factor. To complete the wave function for this configuration one needs the explicit antisymmetric color-space wave function:
As the operators that are considered here do not depend on color, the explicit color wave functions with the mixed symmetry [211] C are not required. The explicit spatial wave functions may be constructed by reference to Eqs. (28) (29) (30) , with the substitution of ground state wave functions for the 3 constituents denoted ↑ and a P −state wave function, multiplied by the spherical harmonic Y 1m , for the constituent denoted ↓.
For the states which have spin symmetry [31] S the total angular momentum of the uuds system J may take the values 0 and 1. For J = 0 the results are:
These are the only configurations with the uuds system in an orbitally excited state, which lead to negative values for the strangeness magnetic moment. As the lowest one of these configurations lies ∼ 140 -200 MeV above the configuration with
it is unlikely to have a large probability as a component of the proton.
In the case when J = 1 the corresponding results are
Finally for the states which have spin symmetry [4] S the results are:
∆ s = 1 6 P ss .
As the strangeness contribution to the proton spin is positive for these configurations in apparent conflict with the experimental situation, as these are expected to require a relatively high energy of excitation, they are not likely to have a large probability in the proton.
V. THE PROBABILITY OF THE uudss COMPONENT
Above the possibility for transition matrix elements between the uudss and the uud components of the proton was not considered, as only diagonal matrix elements in configurations with ss components were calculated. The calculation of such transition matrix elements demands an explicit model for the spatial wave functions for determination of the overlap. These transition matrix elements modify the proportionality coefficients between the strangeness magnetic moment and the probability of the ss components in the proton.
Referring to the analogous situation in the case of decay of the ∆(1232) considered in ref. [31] , these contributions are expected to allow a smaller values for P ss than eg. Eq. (38) 
Here the relative modification caused by transition matrix elements is contained in the term δ. Because the uuds configuration is a P −state, this term would have the general form:
where P uud + P ss . Here C 0 is a factor that takes into account the overlap between the wave function for the uudγ state and the uudss component of the proton, and < r 2 > is the mean square radius of the uudss component. The mass factor m s arises from the ss → γ vertex. Provided that these wave functions have the same phase, it follows from (47) that the empirical value for µ s sets an upper limit for P ss . As an example the harmonic oscillator model employed in ref. [31] , in which √ < r 2 > = 1/ω, the value for the coefficient C 0 is duces well the strangeness magnetic moment and spin of the proton, but also is consistent with the observed excess ofd overū [32] and the quark spin contribution [15] in the proton.
In this configuration, only ududd and uduss pentaquark components are allowed for the proton but no uduuū component. The quark wave function for the proton may then be expressed as:
with the normalization condition |A 3q | 2 +|A dd | 2 +|A 2 ss | 2 = 1. To reproduce the observed light flavor sea quark asymmetry in the proton,d −ū = 0.12 [32] , one then needs P dd ≡ |A dd | 2 = 12%, while to reproduce the strangeness spin of the proton, ∆ s = −0.10±0.06 [15] , one needs P ss = (12 − 48)%. With more than 24% of this kind of pentaquark component in the proton, this can reproduce the observed u-quark spin contribution in the proton ∆ u = 0.85±0.17 [15] as well, since the pentaquark components give no contribution to the ∆ u and ∆ u = 4 3
|A 3q | 2 .
Instead they give a contribution: ∆L q = 4 3
(P dd + P ss ) of the proton spin through the orbital angular momentum of quarks. In Ref. [15] , the spin contributions from bothd ands antiquarks were found to be negative, while that fromū is very uncertain even as to its sign and could be far less polarized thand ands. The pentaquark configuration considered here gives such quark spin contributions, with − (1 − P ss ) which is only slightly smaller than the lower end of the observed value ∆ d = −(0.33 ∼ 0.56). In
Ref. [15] , it was also found that the available data do not require the gluon to be polarized.
VI. DISCUSSION
The complete analysis given above of all the positive parity configurations of the form uudss with spin 1/2 and an at most one unit of orbital angular momentum reveals that the present empirical signs for µ s and ∆ s imply that the uuds subsystem has to be orbitally excited and that thes antiquark is in its ground state. with the common feature that thes quark in its ground state, and hence similar values for the strangeness spin and magnetic moment for the proton [12] .
Another interesting point worth noting is that a negative value for the strange electric form factor G s E is hinted at by the data [4] . This indicates that the strange quarks have a larger rms radius than the anti-strange quarks in the proton. The uudss configurations that give the empirical signs for the strangeness spin and magnetic moment do have that feature, as the strange antiquark is in the ground the uuds component is in the orbitally excited state.
The possible smaller than expected role of the long range KΛ 0 and KΣ 0 fluctuations, which lead to negative values for µ s , has recently been analyzed in Ref. [33] . The conclusion drawn in that work is that the main contribution to µ s from these "chiral loops" arise from their high momentum components, the determination of which a priori falls outside of the convergence range of the effective chiral field theory approach. resonances by admixture of large pentaquark components [28] , which is otherwise very puzzling in the conventional 3q constituent quark model. In the diquark cluster pentaquark configuration [29, 35] All facts and discussions given above suggest that there are significantcomponents in baryons and they may be mainly in colored quark cluster configurations rather than in "meson cloud" configurations.
